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Abstract
Background—The relation of parental
smoking to wheezing and asthma occur-
ring after the first year of life was assessed
by a systematic quantitative review of
case-control and longitudinal studies,
complementing earlier reviews of cross
sectional surveys and wheezing in early
childhood.
Methods—Fifty one relevant publications
were identified after consideration of 1593
abstracts selected by electronic search of
the Embase and Medline databases using
keywords relevant to passive smoking in
children. The search was completed in
April 1997 and identified six studies of
asthma incidence, seven of prognosis, 22
case-control studies, and 10 case series
addressing disease severity.
Results—Maternal smoking was associ-
ated with an increased incidence of
wheezing illness up to age 6 (pooled odds
ratio 1.31, 95% CI 1.22 to 1.41), but less
strongly thereafter (1.13, 95% CI 1.04 to
1.22). The long term prognosis of early
wheezing illness was better if the mother
smoked. The pooled odds ratio for asthma
prevalence from 14 case-control studies
was 1.37 (95% CI 1.15 to 1.64) if either
parent smoked. Four studies suggest that
parental smoking is more strongly associ-
ated with wheezing among non-atopic
children. Indicators of disease severity
including symptom scores, attack fre-
quency, medication use, hospital attend-
ance, and life threatening bronchospasm
were in general positively related to
household smoke exposure.
Conclusions—The excess incidence of
wheezing in smoking households appears
to be largely non-atopic “wheezy bronchi-
tis” with a relatively benign prognosis, but
among children with established asthma,
parental smoking is associated with more
severe disease. This apparent paradoxmay
be reconciled if environmental tobacco
smoke is considered a co-factor provoking
wheezing attacks, rather than a cause of
the underlying asthmatic tendency.
(Thorax 1998;53:204–212)
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Previous reviews in this series have shown that
parental smoking is associated with an in-
creased incidence of acute lower respiratory ill-
nesses, including wheezing illnesses, in the first
one or two years of life,1 but does not increase
the risk of sensitisation to common
aeroallergens,2 an important risk factor for
asthma of later onset. Prevalence surveys of
school children suggest that wheeze and
diagnosed asthma are more common among
children of smoking parents, with a greater
increase in risk for more severe definitions of
wheeze.3 This paper reviews the evidence from
longitudinal and case-control studies of wheez-
ing illness concerning the eVect of parental
smoking on the incidence, prognosis, preva-
lence, and severity of childhood asthma.

Methods
Published papers, letters, and review articles
were selected by an electronic search of the
Embase and Medline databases using the
search strategy described in detail elsewhere.1

Briefly, all passive smoking references were
selected by the MESH heading tobacco smoke
pollution and/or textword combinations ({pas-
sive, second-hand, second hand, involuntary, par-
ent*, maternal, mother*, paternal, father* or
household} and {smok*, tobacco* or cigarette*}).
Papers were then restricted to children by
relevant textwords or by the age group as
specified in the title or abstract. This search,
completed in April 1997, yielded 3625 refer-
ences of which 1593 contained keywords
relevant to respiratory or allergic disease.
Papers relating to asthma or wheezing illness
were selected by review of the on-line abstracts.
Studies of wheezing illness in the first two years
of life1 and cross sectional studies of asthma
and wheeze3 have been reviewed earlier in this
series.
In this paper we have included longitudinal

and case-control studies of asthma or wheeze
occurring after infancy and case series of asth-
matic patients among whom parental smoking
was related to disease severity. Forty nine
relevant papers were identified from the litera-
ture search and a further two were identified by
personal knowledge. These 51 papers related
to 10 longitudinal studies, 22 case-control
studies, and 10 uncontrolled case series.
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The approach to data extraction and statisti-
cal analysis followed that of earlier reviews in
this series.1 Due to the small number of longi-
tudinal studies identified, odds ratios relating
parental smoking to incidence and prognosis of
wheezing illness were pooled using weights
inversely proportional to their variance (the
“fixed eVect” assumption). Odds ratios from
the larger number of case-control studies were
pooled using a “random eVects” model, as
described in detail elsewhere.1 No quantitative
meta-analysis was possible for studies of
disease severity.

Results
LONGITUDINAL STUDIES: INCIDENCE
Ten papers4–13 relating to six longitudinal stud-
ies were identified which report upon the inci-
dence of wheezing illnesses after the first two
years of life in relation to parental smoking
habits (table 1). Five papers are concerned

mainly with preschool wheezing,4 5 9–11 two
focus on wheeze developing for the first time
during the school years,8 12 and three include
both early and later childhood.6 7 13 These
studies complement the larger number of stud-
ies addressing incidence of wheezing illness in
infancy reviewed previously.1 The results are
summarised in table 2 and fig 1, and are
discussed briefly below.
Investigators in Tucson, Arizona followed up

a birth cohort registered with a health mainte-
nance organisation.9 Among 762 subjects
followed through the first three years of life and
also at the age of six, 403 had no history of
wheezing, 147 wheezed by the age of three
years but not at age six (“transient early wheez-
ing”), 112 developed wheezing after the age of
three (“late onset wheezing”), and 100
wheezed before the age of three and at six years
of age (“persistent wheezing”). The incidence
of wheezing before the age of three (transient

Table 1 Design, sample size and recruitment criteria for studies included in this overview

Reference Year Country Age Design Outcome Sample size Case definition Source of cohort, controls or series

Incidence studies:
4, 5 85 N Zealand 0–6 Cohort Incidence (asthma) 1032 Reported asthma Population-based birth cohort
6 89 UK 1–10 Cohort Incidence (wheeze) 9670 Reported wheeze National birth cohort
7 89 USA (AZ) 0–17 Cohort Incidence (asthma) 739 PD asthma Random household sample
8 90 USA (MA) 5–18 Cohort Incidence (asthma) 722 PD asthma Schools-based cohort
9, 14 95 USA (AZ) 0–6 Cohort Incidence (wheeze) 762 Reported wheeze HMO-based birth cohort
10, 11 95 UK 0–5 Cohort Incidence (wheeze) 12530 Reported wheeze National birth cohort
12, 13 96 UK 0–16 Cohort Incidence (as/WB) 4583 Reported asthma/WB National birth cohort
Natural history studies:
15 84 USA (NY) 0–9 Cohort Prognosis (early) 236 Wheeze 8y later Bronchiolitis before age 2
16 86 USA (NY) 0–2 Cohort Prognosis (early) 27 Recurrent wheeze Parainfluenza bronchiolitis
17 87 Israel 0–5 Cohort Prognosis (early) 80 Persistent wheeze at age 5 Atopic wheezy infants
18 87 Japan 1–4 Cohort Prognosis (early) 48 Wheeze 22–44 months

later
Wheezy infants

19 88 Sweden 0–7 Cohort Prognosis (early) 67 Wheeze 4 years later RSV+ illness before age 3
9 95 USA (AZ) 0–6 Cohort Prognosis (early) 247 Wheeze at age 6 Wheeze before age 3
10 95 UK 5–16 Cohort Prognosis (later) 1477 Wheeze at age 16 Wheeze before age 5
20 95 UK 7–23 Cohort Prognosis (later) 1090 Asthma/WB at 11, 23 Asthma/WB before age 7
Case-control studies:
21 74 USA (MN) 2–16 C–C Asthma (OP) 628 Asthmatic OP Other OP (no atopic disease)
22 90 Italy 1–12 C–C Asthma (OP) 735 Asthmatic OP Routine health check
23 91 USA (NY) 0–17 C–C Asthma (IP/OP) 383 Admitted or 2 OP visits Private paediatric practice
24 91 Sweden 3–15 C–C Asthma (OP) 126 New OP referrals Two local schools
25 92 USA (NY) 3–14 C–C Asthma (ER) 114 ER visit for asthma Other ER patients
26 92 USA (MD) c. 9 C–C Asthma (OP) 346 Asthmatic OP Private paediatric practice
27 93 Canada 3–4 C–C Asthma (IP) 914 First ER asthma visit Population sample
28 94 Nigeria c. 5.5 C–C Wheeze (OP) 280 Wheezy OP (no FH) Neighbours
29 94 Ireland 5–11 C–C Asthma (survey) 211 Asthma reported Population survey
30 94 UK 5–7 C–C Asthma (OP) 62 Asthmatic OP Surgical OP
31 94 Israel 3–15 C–C Wheeze (OP) 400 Asthma treatment Neighbours
32 95 Malaysia 0–5 C–C Asthma (IP) 359 First asthma admission Non-respiratory admissions
33, 40 95 Sweden 1.5–4 C–C WB (IP) 212 WB treated in hospital Random population sample
34 95 Sweden 1–4 C–C Asthma (OP) 511 Asthma OP referral Random population sample
35 95 UK 12–18 C–C Wheeze (survey) 961 Frequent/severe wheeze Population survey (no wheeze)
36 95 USA (NC) 7–12 C–C Wheeze (OP) 342 >2 Wheeze attacks Paediatric clinic sample
37 96 S Africa 7–9 C–C Asthma/wheeze

(survey)
620 Asthma symptoms Population survey (no wheeze)

38 96 UAE 6–18 C–C Asthma (survey) 406 PD asthma on therapy School classmates
39 96 USA (OH) 4–9 C–C Asthma (OP) 262 PD asthma on therapy Adjacent birth records
41* 93 USA (VA) 2–16 C–C Wheeze (ER) 114 ER visit for asthma/BL Other ER patients
42* 87 UK 0–5 C–C Wheeze (OP) 1285 >3 Wheeze attacks Neonates in locality
44* 90 Canada 1–17 C–C Asthma (OP) 620 Asthma diagnosed Allergy clinic patients
Case series:
45 82 Nigeria 1–13 Cases Relative severity 380 Severity score Asthmatic outpatients
46 82 USA

(MI/MA)
0–17 Survey Relative severity 272 Functional impairment Current asthma (reported)

47 87 USA (NY) 4–17 Cases Relative severity 276 ER visits per year Asthmatic outpatients
48 89 Canada 1–17 Cases Relative severity 415 Severity score Asthmatic outpatients
49 90 USA (all) 2–5 Survey Relative severity 99 Asthma medication Current asthma (reported)
50 90 USA (all) 0–5 Survey Relative severity 117 Hospitalisations Current asthma (reported)
51 92 Canada 1–17 Cases Relative severity 807 Severity score Asthmatic outpatients
52 93 USA (ME) 0–13 Cases Relative severity 199 Attack frequency Asthmatic outpatients
53 95 USA (CA) 5–12 Cases Relative severity 300 Intubation Asthmatic inpatients
54 96 Canada 1–10 Cases Relative severity 68 Readmission within 1

year
Asthmatic inpatients

Other studies:
43* 96 Canada 6–17 Survey Recent asthma 892 PD asthma and

symptoms
Survey of complete town

PD = physician diagnosed; WB = wheezy bronchitis; BL = bronchiolitis; RSV = respiratory syncytial virus; ER = emergency room; OP = outpatients; IP = inpatients;
FH = family history. *Not included in the meta-analysis of case-control studies (table 3) but discussed in the text.
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and persistent wheezers combined) was dou-
bled if the mother smoked >10 cigarettes per
day. The incidence of later onset wheezing was
less strongly associated with maternal smoking
(table 2). These associations are virtually
unchanged after adjustment for sex, ethnicity,
eczema, non-infective rhinitis, and maternal
asthma.9 For comparison with other studies of
early childhood wheezing, the cumulative inci-
dence of wheezing by the age of six is also pre-
sented in table 2. Although these incidence
data are presented and analysed by maternal
smoking habit, another publication from the
same cohort study has suggested that, for chil-
dren in day care, smoking by the caregiver may
be of greater importance as a determinant of
the frequency of wheezing illnesses in the third
year of life.14

In a similar population-based birth cohort
study in Christchurch, New Zealand, 1032
children were followed at annual intervals up to
the age six years.4 5 In contrast to other studies,
the cumulative incidence of asthma symptoms,
as reported by parents, was reduced if the
mother smoked and increased if the father
smoked. The incidence was also lower if both
parents smoked than if neither smoked. Analy-
ses using medical consultations for asthma5

and frequency of asthma attacks in the first six
years of life4 showed a similar pattern.
The incidence of all forms of wheezing in the

nationwide British 1970 birth cohort was
ascertained retrospectively by parental recall at
the age of five years. The direction and strength
of dose-response relationships with smoking in

pregnancy (shown in table 2) and when the
child was aged five years are almost identical.10

The cumulative incidence of wheezing among
children of smoking mothers was increased and
little changed by adjustment for sex, birth
weight, and breast feeding.10 There was also an
increased incidence of asthma by the age of five
years if the mother smoked.11 Another study
based on the same birth cohort explicitly
excluded wheezing in the first year of life and
included information from follow up studies at
ages five and 10 years.6 Maternal smoking was
associated with wheezing labelled as wheezy
bronchitis (incidence ratio 1.44, 95% CI 1.24
to 1.68) but not with wheezing labelled as
asthma (incidence ratio 0.96, 95% CI 0.77 to
1.22). Most of the published analyses relate
only to the former category, which accounts for
only 38% of all incident wheezing. In the
absence of maternal smoking, smoking by the
father was not associated with an increased risk
of wheezy bronchitis (incidence ratio 0.99,
95% CI 0.76 to 1.29) and was not assessed for
other forms of wheezing.
An earlier national British birth cohort born

in 195812 13 contributed information both on
early and later incidence of wheezing illness. As
in the 1970 cohort,10 early wheezing illnesses
were ascertained retrospectively, in this case at
the age of seven, and were more common if the
mother smoked in pregnancy. This association
was independent of multiple other risk
factors.12 Among 4583 children without a
history of asthma or wheezy bronchitis re-
ported by parents at seven years of age, the
incidence from age seven to 16 diVered little
according to whether the mother had smoked
during pregnancy, but there were weak non-
significant positive associations with smoking
by the mother and by the father at the 16 year
follow up (table 2).
A smaller longitudinal study in Boston,

Massachusetts8 also found little relationship
between parental smoking and the incidence of
asthma over a mean of nine years annual follow
up among 722 children with no history of
asthma on entry to the study at age 5–9 years
(table 2). In another American cohort doctor-
diagnosed asthma, but not other wheezing
illnesses, was ascertained at one to two yearly
intervals among a random sample of house-
holds in Tucson, Arizona.7 Maternal smoking
was associated with an increased risk of
asthma, whereas smoking by the father was not
(table 2). The eVect of maternal smoking was
stronger among less educated families, al-
though this statistical interaction is not signifi-
cant.
In quantitative meta-analyses of studies of

early and later incidence of asthma and wheez-
ing illness, the association with maternal smok-
ing is significantly stronger for incidence in the
first 5–7 years of life4 9 10 12 (four studies: pooled
odds ratio 1.31, 95% CI 1.22 to 1.41, ÷2 for
heterogeneity 8.58, p = 0.035) than for
incidence during the school years8 12 or
throughout childhood excluding infancy6 7

(four studies: pooled odds ratio 1.13, 95% CI
1.04 to 1.22, ÷2 for heterogeneity 3.71, p =
0.29).

Figure 1 Odds ratios and 95% confidence intervals for
the eVect of maternal smoking on the incidence of asthma
or wheezing throughout childhood, cohort studies. The upper
part lists studies which include the first year of life (exact
incidence period shown on left) contributing to the pooled
odds ratio (1) derived by the “fixed eVect”method, and the
lower part gives studies which exclude the first year of life
(exact incidence period shown on left) contributing to
pooled odds ratio (2) derived by the “fixed eVect”method.
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PROGNOSIS

Tables 1 and 2 summarise eight studies9 10 15–20

relating parental smoking to the natural history
of wheezing illness in childhood. Three
studies9 17 18 have analysed the short term prog-
nosis of all forms of wheezing from infancy to
school age. Two studies report specifically on
the prognosis of wheezing following respiratory
syncytial virus infection19 or bronchiolitis in
infancy.15 The results of these five studies are all
consistent with parental smoking being associ-
ated with a small increased risk of wheeze per-
sisting after early childhood (pooled odds ratio
1.35, 95% CI 0.87 to 2.08, ÷2 for heterogeneity
8.07, p = 0.089).
The short term prognosis of bronchiolitis

due to parainfluenza virus infection in infancy
was evaluated among 27 children after approxi-
mately three years (range 8–51 months).16 The
mean number of subsequent wheezing epi-
sodes was significantly higher (p<0.05) in chil-
dren whose parents smoked (3.0 versus 1.6
episodes), but the findings cannot be expressed
in the form of an odds ratio for direct compari-
son with other prognostic studies.
The opposite eVect of parental smoking on

prognosis emerges from longer term follow up
in two British birth cohort studies.10 20 Among
children from the 1958 cohort who had a
history of asthma or wheezy bronchitis by the
age of seven, maternal smoking was associated
with a significantly reduced risk of asthma or
wheezy bronchitis at ages 11 and 23,20 despite
the tendency of children of smoking parents to
become active smokers, a habit strongly associ-
ated with recurrence of symptoms.12 In the
1970 cohort, children who had wheezed before
the age of five years were less likely to wheeze in
the past year at age 16 if their mother smoked
during pregnancy. This inverse association was
not statistically significant but was little altered
by adjustment for sex, maternal age, parity,
birthweight, and socioeconomic status.10 The
pooled odds ratio for follow up to age 11 (1958
cohort) or 16 (1970 cohort) is 0.71 (95% CI

0.57 to 0.89, ÷2 for heterogeneity 3.58, p =
0.058).

CASE-CONTROL STUDIES: PREVALENCE
Tables 1 and 3 summarise 19 case-control
studies21–39 relating parental smoking to asthma
or wheezing illness after the first year of life.
The studies are mostly based on outpatient or
inpatient cases, although four29 35 37 38 ascer-
tained more severe forms of wheezing illness by
a population survey. These papers complement
the results of population surveys of diagnosed
asthma or symptoms of wheeze reviewed
earlier in this series3 by addressing more
specifically the relationship of parental smok-
ing to the prevalence of more severe forms of
asthma, such as might present to hospital clini-
cians.
The results for either parent smoking (from

14 studies) are summarised in fig 2. There is
borderline significant heterogeneity between
studies (÷2 = 22.1, df = 13, p = 0.05), but the
size of eVect does not appear to be systemati-
cally related to the age range studied or to the
source of cases or controls. The pooled odds
ratio for either parent smoking, derived by ran-
dom eVects modelling, is 1.37 (95% CI 1.15 to
1.64).Where the eVects of maternal and pater-
nal smoking have been compared, there is a
consistent finding of an association with smok-
ing by mothers (pooled odds ratio 1.59, 95%
CI 1.27 to 1.99), but not with smoking by
fathers (pooled odds ratio 0.94, 95% CI 0.78
to 1.12). This contrasts with prevalence
surveys of asthma and wheeze among school
children in which an eVect of smoking by
fathers was apparent.3

Six of the studies28 33 35–37 39 present findings
before and after adjustment for potential
confounding variables. Only one study from
Nigeria28 reported a substantial reduction in
the odds ratio for either parent smoking, from
2.12 to 1.41 after adjustment for pet owner-
ship, indoor mould, cockroaches, wood smoke,
and use of mosquito coils. In the remaining five
studies the odds ratio for parental smoking was

Table 2 Incidence and prognosis of asthma or wheeze by parental smoking

Reference Age at start/end Duration of follow up Smoking exposure Outcome Cases Non-cases Odds ratio (95% CI)

Incidence studies:
9 0 3 Mother >10 cigs/day Wheeze 247 515 2.07 (1.34 to 3.19)
9 3 6 Mother >10 cigs/day Wheeze 112 403 1.59 (0.89 to 2.84)
9 0 6 Mother >10 cigs/day Wheeze 359 403 1.91 (1.28 to 2.86)*
4 0 6 Mother smoking Asthma 141 891 0.88 (0.61 to 1.27)*

Father smoking Asthma 141 891 1.27 (0.89 to 1.81)
10 0 5 Mother in pregnancy Wheeze 2616 9914 1.34 (1.22 to 1.45)*
6 1 10 Mother smoking at any age Wheeze 1662 8016 1.11 (1.02 to 1.21)*
7 <5 ? 12 years Mother >10 cigs/day Asthma 86 653 1.68 (1.10 to 2.58)*

Father > 10 cigs/day Asthma 78 622 1.06 (0.67 to 1.69)
8 5–9 ? 9 years Mother smoking Asthma 43 679 0.97 (0.51 to 1.84)*

Father smoking Asthma 43 679 0.91 (0.49 to 1.69)
12 0 7 Mother in pregnancy Asthma or WB 1026 4583 1.25 (1.08 to 1.44)*
12 7 16 Mother in pregnancy Asthma or WB 368 4215 0.99 (0.78 to 1.25)

Mother at 16 y follow up Asthma or WB 368 4215 1.14 (0.92 to 1.41)*
Father at 16 y follow up Asthma or WB 368 4215 1.10 (0.88 to 1.36)

Natural history studies:
15 <2 8 Either parent smoking Persistent wheeze 26 33 1.45 (0.45 to 4.70)*
17 <2 5 Either parent smoking Persistent wheeze 26 54 3.10 (1.08 to 8.91)*
18 <3 ? 22–44 months Household members smoke Recent wheeze 18 22 11.80 (1.32 to 105)*
19 <3 ? 4 years Either parent smoking Recent wheeze 22 45 0.80 (0.28 to 2.27)*
9 <3 6 Mother >10 cigs/day Recent wheeze 100 147 0.99 (0.53 to 1.86)*
10 <5 16 Mother in pregnancy Wheeze past year 218 1259 0.86 (0.64 to 1.15)*
20 <7 11 Mother in pregnancy As/WB past year 203 887 0.56 (0.40 to 0.78)*
20 <7 23 Mother in pregnancy As/WB past year 101 989 0.70 (0.50 to 0.98)

*Odds ratios used in meta-analyses (see text). WB=wheezy bronchitis.
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altered little by adjustment: from 1.32 to 1.3
after adjustment for family history of asthma
and duration of breast feeding in Sweden33;
from 1.44 to 1.49 after adjustment for age, sex,
socioeconomic status, gas cooking, indoor
mould, feather bedding, and pet ownership in
the UK35; from 1.74 to 1.8 after adjustment for
family history of asthma and skin prick positiv-
ity to common aeroallergens in the USA36;
from 1.97 to 1.87 after adjustment for personal
and family history of atopic disease,
socioeconomic status, indoor mould, and salt
preference in South Africa37; and from 2.79 to
2.82 after adjustment for maternal asthma,

history of bronchiolitis, and a range of obstetric
and perinatal variables in the USA.39

Six studies24 25 30 33 36 37 included measure-
ments of urinary levels of cotinine as an objec-
tive marker of tobacco smoke exposure.
Generally, the results of questionnaire and bio-
chemical assessment are closely correlated,
although one study30 found a stronger associ-
ation of asthma with cotinine levels than with
parental smoking assessed by questionnaire. A
significant dose-response relationship with
cotinine concentration emerges from three
studies24 25 37 but not from a fourth.33 Two other
studies present findings on the relationship
between tobacco smoke exposure and the
response based on a questionnaire assessment
with inconsistent results,22 35 whereas a third,
based on obstetric records, reports a strong
exposure-response relationship for daily ciga-
rette consumption by the mother during
pregnancy.39

Three papers compare the eVects of parental
smoking at diVerent ages. In the Swedish study
by Rylander et al33 40 the eVect of parental
smoking was greater at 4–18 months of age
(reviewed elsewhere1) than subsequently. This
was so whether exposure was assessed by the
number of smoking parents or by urinary coti-
nine concentration.33 An American case-
control study which measured urinary cotinine
levels found a positive association with
wheezing before the age of two years, but a
non-significant inverse relationship thereafter.41

An Italian case-control study compared the
eVect of parental smoking before and after six
years of age.22 The odds ratios for either parent
smoking were 1.13 (95% CI 0.71 to 1.80) and
0.83 (95% CI 0.48 to 1.44), respectively.

ATOPIC AND NON-ATOPIC WHEEZING

In the British 1958 birth cohort12 the increased
incidence of asthma or wheezy bronchitis by
the age of 16 among children whose mothers
smoked during pregnancy was largely concen-
trated among 3815 subjects with no history of
hay fever or eczema (cumulative incidence
24.5% versus 18.9%, odds ratio 1.39, 95% CI
1.18 to 1.63). Among 1794 subjects reporting

Table 3 Unadjusted relative risks associated with parental smoking: case-control studies

Reference Age Cases Controls

Odds ratios (95% CI) for smoking by:

Dose-response Cotinine*Either parent Mother Father

21 2–16 400 213 1.30 (0.93 to 1.83) — −
22 1–12 302 433 1.00 (0.70 to 1.42) No† −
23 0–17 137 246 — 1.43 (0.92 to 2.23) 0.71 (0.44 to 1.15) — −
24 3–15 49 77 1.97 (0.90 to 4.35) 2.56 (1.23 to 5.32) 0.87 (0.42 to 1.80) Yes +
25 3–14 107 121 1.13 (0.67 to 1.90) 2.00 (1.16 to 3.48) Yes +
26 c. 9 102 105 1.43 (0.75 to 2.71) — −
27 3–4 457 457 — 1.16 (0.89 to 1.51) 0.81 (0.62 to 1.06) — −
28 c. 5.5 140 140 2.12 (1.32 to 3.42) — −
29 5–11 115 96 0.76 (0.44 to 1.31) — −
30 5–7 19 43 0.71 (0.22 to 2.22) — +
31 3–15 300 100 0.90 (0.57 to 1.42) (few smoke) 0.95 (0.60 to 1.50) — −
32 0–5 158 201 1.80 (1.20 to 2.70) — −
33 1.5–4 75 137 1.46 (0.83 to 2.58) 1.70 (0.93 to 3.14) 1.02 (0.42 to 2.46) No +
34 1–4 193 318 1.62 (1.13 to 2.32) — −
35 12–18 486 475 — 1.38 (1.18 to 1.61) 0.96 (0.69 to 1.34) Yes −
36 7–12 193 149 2.00 (1.22 to 3.27) — +
37 7–9 348 272 1.57 (1.06 to 2.33) 1.70 (1.23 to 2.34) 1.23 (0.90 to 1.70) Yes +
38 6–18 203 203 — (few smoke) 1.03 (0.63 to 1.70) — −
39 4–9 131 131 — 2.79 (1.66 to 4.67) — Yes −

*Urinary cotinine measured (not all such studies reported on dose-response relationships).
†Dose-response relationship only evident for skin prick negative subjects.

Figure 2 Odds ratios and 95% confidence intervals for
the eVect of either parent smoking on prevalence of
childhood asthma or wheezing, case-control studies. Pooled
odds ratio derived by “random eVects”method.
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hay fever or eczema at one or more follow up
visits, there was little eVect of maternal
smoking on disease incidence (cumulative
incidence 32.2% versus 33.5%, odds ratio
0.95, 95% CI 0.76 to 1.18). This statistical
interaction is significant at the 1% level.
In the Italian case-control study by Palmieri

et al22 cases (but not controls) were skin prick
tested with six locally relevant aeroallergens.
Fewer positive cases were exposed to parental
smoking (77% versus 82%, odds ratio 0.72,
95%CI 0.37 to 1.41). The diVerence was more
marked and statistically significant at the 5%
level for exposure to more than 20 cigarettes a
day (44% versus 60%, odds ratio 0.54, 95% CI
0.31 to 0.92). Among 70 asthmatic children
aged under six years in a British outpatient
series42 smoking by the mother was less
common if the serum IgE was raised (>1SD
above the population mean): 54% versus 69%,
odds ratio 0.54, 95% CI 0.21 to 1.45. A recent
cross sectional survey of Canadian children43

has also reported a stronger association of
parental smoking with recent asthma among
children with no reported history of allergy
(odds ratio for current smoking by either
parent 2.93, 95% CI 0.83 to 10.3) than among
children with allergy (odds ratio 0.73, 95% CI
0.37 to 1.46). Although these diVerences are
non-significant, they are consistent with the
results of the British 1958 birth cohort study,
suggesting a stronger association of parental

smoking with non-atopic “wheezy bronchitis”
than with “allergic asthma”.
The opposite conclusion was drawn from a

study of allergy clinic patients aged 1–17 years
in Vancouver.44 Among 224 patients with
atopic dermatitis, maternal smoking was asso-
ciated with an increased risk of diagnosed
asthma (odds ratio 3.42, 95% CI 1.60–7.30)
whereas among 396 patients without atopic
dermatitis there was no association (odds ratio
0.93, 95% CI 0.57 to 1.51). This interaction is
statistically significant at the 1% level, but the
findings are diYcult to interpret biologically
without consideration of possible referral
biases in this clinic based study.

SEVERITY

There are several dimensions to the severity of
an episodic disease such as asthma: frequency
of wheezing episodes, persistence of symptoms
between “attacks”, occurrence of clinically
severe or life threatening bronchospasm, need
for preventer and/or reliever medications, use
of health services, and interference with daily
activities. We identified three case-control
studies35–37 and 10 uncontrolled case series45–54

which present data on asthma severity in
relation to parental smoking. Various dimen-
sions of severity have been used and some
studies have combined a number of indices
into a composite “severity score”.45 48 51

Due to the diVerent approaches employed in
each study, no formal meta-analysis is possible,

Table 4 Summary of studies of asthma severity

Reference Age Index of severity Index of exposure

Association of disease severity with passive smoke exposure:

Direction p value Comments

Population-based case
series:

35 12–18 Frequency and
intensity

Mother smoking Positive 0.02 Mother smoked in 34% (38/113) children with both
frequent and intense attacks and 23% (84/373) of less
severe cases

36 7–12 Attack frequency Household
smoking

Inverse 0.59 35% (29/82) infrequent wheezers and 30% (20/67) with
>5 attacks per year were exposed to ETS. Urinary cotinine
levels similar in the two groups

37 7–9 Frequency and
intensity

Mother smoking Weak +ve ? Published odds ratio 2.04 (1.25 to 3.34) for severe wheeze
(179 cases) is similar to 1.87 (1.25 to 2.81) for all wheeze
(325 cases)

46 0–17 Functional
impairment

Mother smoking Positive 0.47 Functional impairment reported for 22% of asthmatics
whose mothers smoked (n=144) and 18% of the remaining
asthmatics (n=128)

49 2–5 Asthma medication Mother smoking Positive 0.08 Medication taken by 41% of asthmatics whose mother
smoked >10/day (n=23) and 19% of other asthmatics
(n=76)

50 0–5 Hospitalisations Mother smoking No trend 0.88 Mean admission rates 1.1 per year if mother non-smoker,
1.3 if mother smoked <10/day, and 1.0 per year if mother
smoked >10/day

Clinic-based case series:
45 1–13 Composite score Household

smoking
Positive 0.15 Exposure (mainly to non-maternal smoking) in 23%

(43/186) mild, 26% (23/87) moderate and 31% (33/107)
severe cases

47 4–17 ER visits per year Any ETS
exposure

Positive 0.008 Mean 3.1 visits per year in 137 smoking homes, 1.8 per
year in 122 non-smoking homes

48 1–17 Composite score Mother smoking Positive <0.01 Severity score related to maternal smoking (p<0.01) but
not to paternal smoking (p>0.5)

51 1–17 Composite score Mother smoking Inverse <0.01 Reversal of previous relationship[45] after introduction of
anti-smoking advice (see text)

52 0–13 Attack frequency Urinary cotinine Positive <0.05 Mean 3.6 episodes per year if cotinine >39 ng/ml (n = 30),
2.8 per year if 10–39 ng/ml (n = 53), 2.1 per year if <10
ng/ml (n = 116)

53 5–12 Intubation Any ETS
exposure

Positive <0.001 85% (11/13) intubated patients and 20% of 287
non-intubated admissions were exposed to ETS (odds ratio
22.4, 95% CI 7.4 to 68.0)

54 1–10 Readmission Household
smoking

Positive 0.24 53% (17/32) patients readmitted and 36% (13/36) children
not readmitted were from smoking homes (odds ratio 2.01,
95% CI 0.76 to 5.30)

ETS = environmental tobacco smoke.
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but a qualitative review is presented in table 4.
This suggests greater disease severity in
children exposed to smoking in the household,
a pattern which is more consistent among
asthmatics attending hospital as outpatients or
inpatients than among cases identified through
population surveys.
Few of these studies have adjusted for

potential confounding variables, and it is possi-
ble that some of the associations of parental
smoking with health service utilisation, in par-
ticular, may reflect a common association with
lower socioeconomic status. On the other
hand, the striking association of passive smoke
exposure with near-fatal asthma, evaluated ret-
rospectively in a tertiary medical care centre in
California,53 was stronger than a range of
psychosocial variables, suggesting that it would
not be entirely explained by socioeconomic
confounding. However, a mutually adjusted
analysis was not possible as only two of the 13
patients requiring intubation came from non-
smoking households.

EFFECT OF REDUCING TOBACCO SMOKE

EXPOSURE

The early case-control study by O’Connell and
Logan21 reported that 67% of the 265 cases
who were exposed to parental smoking consid-
ered that it aggravated their symptoms, and
tobacco smoke exposure was considered a
“significant factor” in 10% of children (16/
158) where one parent smoked, and in 20%
(21/107) where both parents smoked.These 37
children were included in an empirical study of
anti-smoking advice and 35 were followed up
6–24 months later. Symptoms had improved in
90% of children (18/20) whose parents had
stopped smoking, and in 27% of children
(4/15) who remained passively exposed to
tobacco smoke. These results are promising
but diYcult to interpret because this is an
uncontrolled “on treatment” analysis and not a
randomised controlled trial analysed by “inten-
tion to treat”.
A composite score was used to grade severity

among 415 children aged 1–17 years attending
an allergy clinic in Vancouver with a diagnosis
of asthma during 1983–86.48 The severity score
was significantly higher among children of
smoking mothers (p<0.01), but when the
analysis was repeated for an additional 387
subjects attending the same clinic during
1986–90,51 the relationship between maternal
smoking and asthma severity score had re-
versed. This was due to a highly significant
(p<0.001) decline in the severity of asthma in
the children of smoking mothers, and little
change in severity for children whose mothers
did not smoke. The authors attribute this
change to an alteration in parental smoking
habits following advice from clinicians to avoid
smoking in the home or in the presence of the
child. However, this is based on anecdotal
reports and no objective data are presented to
confirm the postulated reduction in personal
exposure of the children.

Discussion
The results summarised here and in previous
reviews1 3 present a complex picture of the
associations of parental smoking with asthma
incidence, prognosis, prevalence, and severity.
The incidence and recurrence of wheezing
illness in early life is increased if there is smok-
ing in the household, particularly by the
mother1 (table 2), whereas the incidence of
asthma during the school years is less strongly
aVected by parental smoking. A similar age-
related decline in the strength of the passive
smoking eVect is evident in cross sectional
studies.3 This may simply reflect the diminish-
ing level of exposure to environmental tobacco
smoke from household sources as children
grow up.55 Alternatively or additionally, paren-
tal smoking may have diVerential eVects on the
incidence of various forms of wheezing illness56

with a stronger influence on viral associated
wheezing (common in early childhood) and a
weaker relationship with atopic wheezing
(often of later onset). Four studies comparing
wheezing in atopic and non-atopic children
lend support to the latter hypothesis,12 22 42 43

although a fifth does not.44

In our previous review of lower respiratory
illnesses in infancy there was evidence of
adverse eVects from postnatal exposure to
smoking by the father in households where the
mother did not smoke, but insuYcient evi-
dence to distinguish the separate eVects of pre-
natal and postnatal smoking by the mother.1

Although several of the longitudinal studies
reviewed here reported findings in relation to
maternal smoking in pregnancy, this reflects
the information available and does not neces-
sarily imply that prenatal exposure is especially
important.Unfortunately, there are insufficient
published data to assess the isolated eVect of
non-maternal smoking on the incidence or
natural history of childhood asthma after the
first few years of life. Whereas most longitudi-
nal studies show a weak association between
the incidence of asthma and paternal smoking,
this could be partially due to confounding by
maternal smoking. In case-control studies
maternal smoking appeared to be the dominant
influence, with little eVect from smoking by the
father.
Although wheezing in infancy is more likely

to recur if the parents smoke, maternal
smoking, at least, is associated with a relatively
benign long term prognosis (table 2). This
could also reflect a stronger association of
parental smoking with non-atopic wheezing
(“wheezy bronchitis” rather than “allergic
asthma”) which is associated with a better
prognosis. On the other hand, atopic children
tend to have more severe, frequent or persistent
wheezing, and case-control studies of more
severe (“clinic”) asthmatics show a positive
association, with maternal smoking again
appearing of greater importance. Indeed, the
pooled odds ratio for either parent smoking
from these case-control studies (1.37) is some-
what greater than the corresponding pooled
odds ratios from cross sectional surveys of
wheezing (1.24) and asthma (1.21) among
school children.3 Furthermore, among asth-
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matic children,most studies have found greater
severity of disease if the parents smoke (table
4), and prevalence surveys among schoolchil-
dren suggest a stronger association with more
restrictive (presumably more severe) defini-
tions of wheeze than with any recent wheeze.3

Thus, we are faced with a paradox: studies of
incidence and prognosis suggest an association
of parental smoking primarily with early
non-atopic wheezing which tends to run a mild
and transient course, whereas studies of preva-
lence and severity suggest that exposure to
environmental tobacco smoke increases the
risk of more severe symptoms, outpatient clinic
attendance, or emergency hospital admission.
One solution to this apparent paradox would
be to consider environmental tobacco smoke as
a co-factor operating with intercurrent infec-
tions as a trigger of wheezing attacks, rather
than as a factor initiating or inducing the asth-
matic state. This distinction between induction
(initiation) and exacerbation (provocation)
also emerges when considering the role of out-
door air pollution as a cause of asthma.57

The incidence of both wheezing and non-
wheezing lower respiratory illnesses in infancy
are increased to a similar extent if the parents
smoke, due at least in part to postnatal
(environmental) exposure.1 It is likely that the
clinical severity of viral respiratory infections in
older children is also exacerbated by passive
smoke exposure leading to an increased risk of
respiratory symptoms in general,3 including
wheeze. Among children at low risk of
wheezing, passive smoke exposure at times of
intercurrent infection may be suYcient to
cause occasional episodes of asthmatic symp-
toms and thus increase the risk of a mild, often
transient wheezing tendency which the child
outgrows as the airways become larger or less
reactive with increasing age.
Previous reviews have concluded that passive

smoking is causally associated with increased
incidence and severity of asthma58 59 and have
attributed this to chronic, but possibly revers-
ible, eVects of parental smoking on bronchial
hyperreactivity rather than to acute eVects of
cigarette smoke on airway calibre.58 Our
assessment concurs so far as the health eVects
are concerned, but implies a diVerent mech-
anism.
If the principal eVect of passive smoking is to

increase the probability of lower respiratory
symptoms during viral respiratory infection, we
would predict that it would be associated more
strongly and consistently with acute manifesta-
tions of asthma than with long term indicators
of the asthmatic tendency such as non-specific
bronchial responsiveness. This review has
shown that measures of disease severity such as
the frequency of wheezing episodes or the inci-
dence of intense or life-threatening attacks,
which relate to acute exacerbations of existing
asthma, are associated with household expo-
sure to tobacco smoke. A later review in this
series will examine the relationship between
parental smoking and objective measures of
bronchial hyperreactivity.

This review was commissioned by the Department of Health.
The views expressed are those of the authors and not necessar-
ily those of the Department of Health.We are indebted to Jenny
Taylor and Claire Chazot for their diligent compilation of the
available literature.
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